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APPARATUS AND METHOD FOR RECORDING/REPRODUCING 
OPTICAL INFORMATION 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical 
information recording/reproducing apparatus and an 
optical information recording/reproducing method for 
recording or reproducing optical information data on or 
from an optical recording medium by using a two -group 
objective lens having an increased numerical aperture. 



optical information on or from an optical recording 
medium, a spot size "d" on the recording medium is 
expressed by the following equation: 
d = A /NA ... ( 1 ) 

In this equation, A is the wavelength of a light 
beam and NA is a numerical aperture of an objective lens. 

As is apparent from the equation (1) , the shorter 
the wavelength A- of a light beam emitted from a light 
source becomes and/or the larger the numerical aperture 
NA of an objective lens becomes, the smaller the spot 
side "d" becomes. The reduction of the spot size "d" 
enables high density recording of optical information. 



It is known that the use of an aspherical two -group 



In an apparatus for recording or reproducing 



objective lens is effective to make large the numerical 
aperture of an objective lens which is one of the above 
factors to reduce thfe spot size "d" . Japanese Patent 
Laid-open No. Hei 9-251645 (Japanese Patent Application 
No. Hei 8-58870) by the present top inventor and the 
present applicant discloses an apparatus and a method for 
recording or reproducing optical information on hr from a 
recording medium using a two-group obj ecti-y;^kl^ns , 

'■'hi' J ' 

characterized by suppressing occurrence of spherical 
' '.on. 

the case of using such a two-group objective 
1^^, to\ obtain the best reproducing signal from a 
recording medium, it is required to optimize a distance 
between lenses constituting the two-group objective lens 
for minimizing wavefront aberration. Japanese Patent 
Application No. Hei 8-340903 made by the presen t top^ 
inventor and the present applicant discloses an apparatus 
and a method for recording/reproducing optical 
information \on or from an optical disk. In this document, 
an optical disk drive using an optical head having a two- 
group objectiWe lens is configured such that lenses 
constituting the two -group objective lens are integrally 
moved for focus servo operation and then the tail 
spherical lens \of the two-group objective lens is 




independently moved in the direction of the optical axis 
to minimize wavefroilt aberration. 

The R.M.S (route mean square) value of the wave 
front aberration should be preferably less than A/i4. 

A focal depth (fd) defined by NA and A is 
expressed by the following equation: 

fd = A/NA^ ... (2) 

As is apparent from the equation (2) , in the case 
of using an objective lens with a high numerical ap^^^jj^ure, 
the focal depth fd is significantly reduced. For^v^jjcample, 
the focal depth fd of a two -group objective lens having a 
numerical aperture NA of 0.85 is reduced to about half 
that of an objective lens (numerical aperture NA: 0.6) of 
an optical disk drive used for a DVD (Digital Video 
Disk) -RAM (Random Access Memory) . 

Accordingly, in the case of using an objective lens 
with a high numerical aperture, more accurate focus 
control is required to be performed sufficiently to 
follow a change in environmental temperature, a change 
with elapsed time, and the like. Japanese Patent 
Application No. Hei 9-84090 made by the present top 
inventor and the present applicant discloses a focus 
control device and a method thereof, and an optical disk 
drive using an optical head having a two -group objective 



lens with a high numerical aperture, in which focus 
control is accurately performed by optimizing the servo 
offset in focus servo, to thereby obtain the best 
reproducing signal from an optical disk. 

Since the distance between lenses of a two- group 
objective lens and the servo offset in focus servo are 
both optimized on the basis of the same reproducing 
signal from a recording medium, it is required to 
establish a method capable of simultaneously optimizing 

lu 

both the above distance between lenses and servo offset. 
iQ Also it is required to optimize the position of each lens 

= before recording is started. Further, in the case of an 

?== 

Cn unrecorded medium, the above optimization must be 

1==^ performed using pre - formatted embossed pits or the like. 

%Q The above - described related art methods, however, 

have problems. Namely, although the distance between 
lenses of a two-group objective lens and the servo offset 
in focus servo must be simultaneously optimized because 
they are optimized on the basis of the same reproducing 
signal from a recording medium, the above related art 
methods do not consider any method of simultaneously 
optimizing both the distance between lenses and servo 
offset , 

In the case of a unrecorded medium, it may be 
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considered to perforin the above optimization using Pre- 
formatted embossed pits or the like; however, since these 
pits are generally, discretely formed on a recording 
medium, there occurs an inconvenience that it is 
difficult to perform the above optimization using 
continuous reproducing signals. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
optical information recording/reproducing apparatus and 
an optical information recording/reproducing method, 
which are capable of simultaneously optimizing a distance 
between lenses of a two- group objective lens and an 
offset value in focus control. 

To achieve the above. obj ect, according to a first 
aspect of the present invention, there is provided an 
optical information recording/ reproducing apparatus 
including an optical pickup for making a light beam 
emitted from a light source incident on a recording 
medium via a two -group objective lens so as to record or 
reproduce optical information on or from the recording 
medium, the two-group objective lens including a first 
lens disposed in the vicinity of the recording medium and 
a second lens disposed at a position facing to the 
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recording medium with the first lens put therebetween, 
the apparatus including: a moving means for cyclically 
moving at least one of the first lens and the second lens 
constituting part of the optical pickup in the direction 
of the optical axis thereof; and a control means for 
performing, upon focusing operation, the positional 
adjustment of the first lens and the second lens after 
start-up of focus control, on the basis of reproducing 
signals obtained from the recording medium at one or more 
^points of the cyclic movement of the at least one of the 
first lens and the second lens by the moving means. 

According to a second aspect of the present 
invention, there is provided an optical information 
recording/reproducing apparatus including an optical 
pickup for making a light beam emitted from a light 
source incident on a recording medium via a two- group 
objective lens and at least a third lens so as to record 
or reproduce optical information on or from the recording 
medium, the two-group objective lens including a first 
lens disposed in the vicinity of the recording medium and 
a second lens disposed at a position facing to the 
recording medium with the first lens put therebetween and 
being configured such that a distance between the first 
lens and the second lens is fixed, the apparatus 
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including: a first drive means for integrally driving the 
first lens and the second lens in the direction of the 
optical axis thereof, and a second drive means for 
driving the third lens in the direction of the optical 
axis thereof; a moving means for cyclically moving at 
least one of the first and second lenses and the third 
lens constituting part of the optical pickup in the 
direction of the optical axis thereof; and a control 
means for performing, upon focusing operation, the 
positional adjustment of the first and second lenses and 
the third lens after start-up of focus control, on the 
basis of reproducing signals obtained from the recording 
medium at one or more points of the cyclic movement of 
the at least one of the first and second lenses and the 
third lens by the moving means. 

According to a third aspect of the present 
invention, there is provided an optical information 
recording/reproducing apparatus including an optical 
pickup for making a light beam emitted from a light 
source incident on a recording medium via a primary lens 
disposed in the vicinity of the recording medium and at 
least a secondary lens so as to record or reproduce 
optical information on or from the recording medium, the 
apparatus including: a first drive means for driving the 
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primary lens in the direction of the optical axis thereof, 
and a second drive means for driving the secondary lens 
in the direction of the optical axis thereof; a moving 
means for cyclically moving at least one of the primary 
lens and the secondary lens constituting part of the 
optical pickup in the direction of the optical axis 
thereof; and a control means for performing, upon 
p focusing operation, the positional adjustment of the 

IJ primary lens and the secondary lens after start-up of 

C3 focus control, on the basis of reproducing signals 

^2 obtained from the recording medium at one or more points 

of the cyclic movement of the at least one of the primary 
'f^ lens and the secondary lens by the moving means. 

According to a fourth aspect of the present 
invention, there is provided an optical information 
recording/reproducing method which is carried out by 
using an optical pickup for making a light beam emitted 
from a light source incident on a recording medium via a 
two -group objective lens so as to record or reproduce 
optical information on or from the recording medium, the 
two-group objective lens including a first lens disposed 
in the vicinity of the recording medium and a second lens 
disposed at a position facing to the recording medium 
with the first lens put therebetween, the method 



including the steps of: cyclically moving at least one of 
the first lens and the second lens constituting part of 
the optical pickup in the direction of the optical axis 
thereof; and performing, upon focusing operation, the 
positional adjustment of the first lens and the second 
lens after start-up of focus control, on the basis of 
reproducing signals obtained from the recording medium at 
one or more points of the cyclic movement of the at least 
one of the first lens and the second lens by the moving 
means . 

The function of the optical information 
recording/reproducing apparatus and optical information 
recording/reproducing apparatus of the present invention 
will be described below. 

First, an offset value in focus control and a 
distance between lenses of the two-group objective lens 
are set at pre- set values. Then, sine wave drive signals 
are applied to the moving means to cyclically, slightly 
move the first and second objective lenses in the 
direction of the optical axis. 

A low band component of a change in amplitude, that 
is, an envelope component of a reproducing signal is 
detected, and is decided whether the amplitude obtained 
when the distance between the first and second lenses is 



minimized is larger or smaller than the amplitude 
obtained when the distance between the first and second 
lenses is maximized. If larger, the distance between the 
first and second lenses of the two-group objective lens 
is smaller than the optimum value. In this case, control 
is performed to increase the distance between the first 
and second lenses. 

If the amplitude obtained when the first objective 

w 

ifi lens becomes closest to the recording medium is smaller 

?S than that obtained when the first objective lens becomes 

remotest from the recording medium, the distance between 

a 

p the first and second lenses of the two -group objective 

lens is larger than the optimum value. In this case, 

I £_ 

iO control is performed to decrease the distance between the 

first and second lenses. 

Next, an operational mode of the optical disk drive 
is decided. If the drive receives a recording command, 
the distance between the lenses of the two-group 
objective lens is fixed and the application of the sine 
wave drive signals to the moving means for moving the 
first and second lenses is stopped, and recording is 
started . 

Further, a high band component of the envelope 
component of a reproducing signal is detected, and it is 
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decided whether the amplitude obtained when the first and 
second lenses become closest to the recording medium is 
larger or smaller than the amplitude obtained when the 
first and second lenses become remotest from the 
recording medium. If larger, the signal plane is remoter 
from the optical disk drive than the focus position is. 
In this case, control is performed to increase the focus 
bias value. 

If the amplitude obtained when the first and second 
lenses become closest to the recording medium is smaller 
than the amplitude obtained when the first and second 
lenses become remotest from the recording medium, the 
signal plane is closer to the optical disk drive than the 
focus position is. In this case, control is performed to 
decrease the focus bias value. 

Next, an operational mode of the optical disk drive 
is decided. If the drive receives a recording command, 
the focus bias value is fixed and the application of the 
sine wave drive signals to the moving means for moving 
the first and second lenses is stopped, and recording is 
started. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a configuration of an 



aspherical two-group objective lens for an optical system 
of an optical disk drive of an embodiment of the present 
inventions- 
Fig. 2 is a diagram showing a configuration of an 
optical pickup for reproducing information from an 
optical disk according to an embodiment of the present 
invention; 

'^=^' Fig. 3 is a diagram showing arrangement of twelve - 

Y'i divided light receiving elements according to an 

H embodiment of the present invention; 

''Z Fig. 4 is a diagram showing a circuit block of an 

j=j optical disk drive according to an embodiment of the 

present invention; 
Q Fig. 5 is a diagram showing a disk pre -format 

according to an embodiment of the present invention; 

Figs. 6A and 6B are diagrams showing an amplitude 
of a reproducing RF signal according to an embodiment of 
the present invention, wherein Fig. 6A designates a focus 
servo offset value, and Fig. 6B designates an amplitude 
of a reproducing signal; 

Fig. 7 is a flow chart showing a procedure for 
optimizing of focus control according to an embodiment of 
the present invention; and 

Fig. 8 is a diagram showing a configuration of an 
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optical pickup of a type in which the distance of lenses 
of a two-group objective lens is fixed according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, an optical disk drive using an 
aspherical two -group objective lens with a high numerical 
aperture as an embodiment of the present invention will 
be described with reference to the accompanying drawings. 

Fig. 1 is a diagram showing a configuration of an 
aspherical two-group objective lens used for an optical 
system of an optical disk drive according to an 
embodiment of the present invention. 

Referring to Fig. 1, a second lens 14 is mounted on 
a second electromagnetic actuator 15 movable in the 
direction of the optical axis. The numerical aperture of 
the second lens 14 is set at about 0.5. A first lens 12 
is mounted on a first electromagnetic actuator 13 
provided separately from the above-mentioned second 
electromagnetic actuator 15 in such a manner as to be 
positioned on the same optical axis as that for the 
second lens 14. The first lens 12 is controllable at an 
arbitrary position. 

The first lens 12 is moved integrally with the 



second lens 14 in the track crossing direction to follow 
a tracking servo. A light beam emitted from a 
semiconductor laser light source, which is not shown, is 
converged on an optical disk 11 through the first and 
second objective lenses 12 and 14. At this time, the 
effective numerical aperture of the two- group objective 
lens becomes about 0.85, In general, the working distance 
of ari objective lens with a high numerical aperture is 
smaller than that of an objective lens with a low 
numerical aperture of the conventional optical pickup. In 
this embodiment, the working distance of the two-group 
objective lens having the high numerical aperture is as 
small as about 100 Urn, 

In general, a skew tolerance which is a value 
allowing the disk skew of an optical disk drive is 
reduced with an increase in numerical aperture of an 
objective lens used for the optical disk drive. A 
wavefront aberration due to a disk skew in the X- 
direction is expressed by the following Seidel's 
polynomial : 

W (x, y) - W22X' + W31X (x^ + y^) + W51X (x' + y^)^ ... (3) 
In the above equation, W22 designates astigmatism, 
W31 is tertiary coma - aberration, and W51 is quintic coma- 
aberration. Of these terms, the dominant tertiary coma- 



aberration W31 is given by the following equation: 

W31 = (n'- I)n'sin0cos0/2(n'-sin^0)^^^ • tNAVA ... (4) 

From this equation, it is apparent that if a skew 
angle 0 is 1 or less, the tertiary coma - aberration W31 
is nearly proportional to both the cube of the numerical 
aperture NA and the thickness "t" of a disk substrate. 

Accordingly, in the case of the optical disk drive 
C3 in which the numerical aperture NA is increased up to 

i'-J 0.85 by using the aspherical two-group objective lens, 

W 

for the purpose of ensuring a skew tolerance comparable 
to that for a DVD (Digital Video Disk) , the substrate 
™ thickness "t" is required to be thinned to about 0.1 mm. 

rV Fig. 2 is a diagram showing a configuration of an 

^ — 

1.-1. 

optical pickup for reproducing information from an 
optical disk according to an embodiment of the present 
invention. 

Referring to Fig. 2, a light beam emitted form a 
semiconductor laser 16 i s - collimated through a collimator 
lens 17, passing through a diffraction grating 18 for 
generation of a side spot, a half-wave plate 19, a beam 
splitter 20 and a quarter-wave plate 23, and is converged 
on the optical disk 11 through the second lens 14 and the 
first lens 12 of the two-group objective lens. Part of 
the light beam emitted from the semiconductor laser 16 is 



reflected from the beam splitter 20, being converged 
through a lens 21, and is led to a light receiving 
element 22 for detecting a light emission output. The 
light beam incident on the light receiving element 22 is 
used for control of a laser output onto the optical disk 
11, In addition, the quantity of the light beam incident 
on the light receiving element 22 is adjusted by turning 
the half -wave plate 19. 

The light beam reflected from the optical disk 11 
is reflected from the beam splitter 20 to be led to a 
detection path. In this embodiment, a focus error signal 
is obtained by a spot size method, and a tracking error 
signal is obtained by a differential push-pull method. 
The light beam converged through a convex lens 24 
undergoes optical path division by a hologram element 25 
and a Foucault's prism 26, and is made incident on a 
light receiving element 27 for detecting an RF signal 
serving as a servo error signal, to be thus subjected to 
photoelectric conversion. As the light receiving element 
27, a twelve - divided type light receiving element shown 
in Fig. 3 is used. 

Fig. 3 is a diagram showing arrangement of twelve 
pieces of components constituting the above twelve- 
divided type light receiving element 27 in this 



embodiment. As shown in Fig. 3, the light receiving 
element 27 has three pieces of two-divided light 
receiving portions, A and B, C and D, and E and F, and 
two pieces of three - divided light receiving portions, G, 
H and I, and J, K and L. In three pieces of the two- 
divided light receiving portions, the components A and B, 
C and D, and E and F are arranged in the track crossing 
direction or on the right and left sides of the track in 
such a manner as to be symmetric with respect to the 
tangential direction of the track, respectively; and in 
two pieces of the three - divided light receiving portions, 
the components G and J, H and K, and I and L are 
symmetrically arranged, respectively. A focus error 
signal FE is calculated on the basis of outputs from the 
components G to L of the light receiving element 27 shown 
in Fig. 3 by the following equation: 

FE = {H - (G + I) } - {K - ( J + L) } ... (5) 
A tracking error signal TE is calculated on the 
basis of outputs from the components A to F of the light 
receiving element 27 shown in Fig. 3 by the following 
equation : 

TE = (A - B) - n { (C - D) + (E - F) } /2 ... (6) 
In this equation (6) , symbol "n" designates a 
constant . 



A reproducing RF signal is obtained by the sum of 
outputs from the components A and B of the light 
receiving element 27 shown in Fig. 3 as expressed by the 
following equation : 

RF = A + B ... (7) 

Fig. 4 is a circuit block diagram showing a 
configuration of an optical disk drive according to an 
embodiment of the present invention. 

Referring to Fig. 4, a reproducing RF signal having 
been read from an optical disk 11 by an optical system 1 
is supplied to a head amplifier 31. The head amplifier 31 
is adapted to amplify a reproducing signal or each output 
of a detecting element supplied from the optical pickup 
of the optical system 1 at a specific level required to 
be processed at the subsequent step. 

The reproducing signal thus amplified passes 
through an equalizer amplifier 32 and is supplied to a 
signal processing system, which is not shown, and 
simultaneously it is supplied to an RF signal detection 
circuit (A) 33 and an RF signal detection circuit (B) 34 
as a signal for adjustment of a distance between lenses 
of a two-group objective lens of the optical pickup and 
adjustment of an offset in focus control. 

A CPU 41 is adapted to control operation of the 
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entire optical disk drive. Specifically, the CPU 41 
controls a spindle servo drive circuit 43 for driving a 
spindle motor 44, and particularly in this embodiment, 
the CPU 41 has a function for performing focus control of 
the optical system 1. The outputs from the RF signal 
detection circuit (A) 33 and the RF signal detection 
circuit (B) 34 are supplied to the CPU 41, being suitably 
processed, and are outputted as control signals for focus 
control . The procedure for performing focus control by 
the CPU 41 will be described later. 

Part of the output from the head amplifier 31 is 
supplied to a focus error detection circuit 35 and a 
tracking error detection circuit 38. The focus error 
detection circuit 35 performs calculation for the input 
signal on the basis of the equation (5) , and the tracking 
error detection circuit 3 8 performs calculation for the 
input signal on the basis of the equation (6) . The 
outputs from both the circuits 35 and 38 are subjected to 
phase compensation by phase compensation circuits 36 and 
39, being amplified into necessary amplitudes by 
amplifiers 37 and 40, and are fed back to the optical 
system 1, respectively. The distance between lenses 
constituting the two-group objective lens is controlled 
by a position control circuit 42, and an instruction 



signal from the position control circuit 42 is controlled 
by the CPU 41. 

Upon focusing operation, after start-up of focus 
control, the above described optimization of the distance 
between the lenses of the two -group objective lens and 
adjustment of an offset between the focal point of a 
light beam and a signal recording plane of the optical 
disk 11 are simultaneously performed to obtain the best 
reproducing signal. For an optical disk drive in which 
information is recordable in the optical disk 11, the 
position of each lens must be optimized before recording 
is started. For a unrecorded optical disk medium, the 
above optimization of the distance between the lenses of 
the two -group objective lens and the adjustment of an 
offset in focus control are performed on the basis of 
reproducing signals from pit portions previously, 
discretely formed on the medium. 

Fig. 5 shows a pre- format of an optical disk in 
thi s embodiment . 

As shown in Fig. 5, a pre- formatted recordable disk 
50 has pit portions 51 on the outer peripheral side from 
the innermost peripheral lead-in 52. The pit portions 51 
are composed of 16 pieces of radially extending sector 
marks or embossed pits spaced at equal intervals in the 



circumferential direction. When the disk is rotated at a 
rotational speed of 3 600 rpm equivalent to a frequency of 
60 Hz in a CAV (Constant Angular Velocity) mode, the 
appearance frequency fp of the pit portions 51 becomes 
960 Hz. 

Figs. 6A and 6B are diagrams showing a change in 
offset of focus servo and a change in amplitude of a 
reproducing RF signal in this embodiment, respectively. 

To be more specific. Fig. 6B shows a change in 
amplitude of reproducing signals obtained from the pit 
portions 60 when the second electromagnetic actuator 15 
mounting the second lens 14 of the two- group objective 
lens shown in Fig. 1 is moved in a sine wave mode 
(frequency: f2 = fp/2) along the direction of the optical 
axis in a state in which focus servo and tracking servo 
are applied to the optical pickup. In the case where the 
reproducing signals are continuously present, if the 
offset in focus servo is optimized as shown in Fig. 6A, 
the focal point changes in such a manner as to be 
centered on a signal recording plane of the optical disk, 
and accordingly, when the displacement of the focal point 
is zero in Fig. 6A, that is, when the focal point is just 
on the signal recording plane of the optical disk, the 
amplitude of the reproducing signal should be maximized 



as shown by the peaks of the dotted line in Fig. 6B. 

Further, at each of a point tl where the second 
objective lens becomes closest to the optical disk and a 
point t2 where the second objective lens becomes remotest 
from the optical disk in Fig. 6A, the amplitude of the 
reproducing RF signal is minimized as shown in Fig. 6B . 
On the other hand, if amplitudes Al and A2 at the points 
tl and t2 which are both ends of the moving range of the 
second objective lens are different from each other, it 
is decided that the center value of the sine wave 
indicating a change in focus servo offset in Fig. 6A is 
deviated from the optimum value of the focus offset- The 
decision means that the focal point is present on the 
front side or the back side from the signal plane of the 
optical disk. That is to say, a relationship of A1<A2 or 
A1>A2 corresponds to the polarity (negative or positive) 
of an error signal. 



objective lens can be adjusted to an optimum value by 
making use of the above relationship, that is, by 
adjusting the change in offset shown in Fig. 6 A in such a 
manner that the amplitudes Al and A2 shown in Fig. 6B 
become equal to each other. That is to say, by 
synchronizing the^ cycle a\n cyclic movement of the second 



Accordingly, the focus offset of the two-group 
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electromagnetic actuator 15 with the appearance cycle of 
the pit portions 60 if reproducing RF signals are not 
continuously present, it is possible to perform, even for 
an unrecorded medium, such a control that the amplitudes 
Al and A2 are always present as shown by the solid line 
in Fig. 6B, In this way, the present invention can be 
applied to an unrecorded optical medium in a state before 
recording is started. 

The distance between the lenses of the two -group 
objective lens can be adjusted to an optimum value by the 
same manner as that used for the above- described 
optimization of the offset in focus control. When the 
first electromagnetic actuator 13 mounting the first lens 
12 of the two -group objective lens shown in Fig. 1 is 
moved along the direction of the optical axis in such a 
sine wave mode (frequency: fl = fp/n, n: integer number) 
that the cycle of the sine wave is synchronized with the 
appearance cycle of the pit portions to thereby change 
the distance between the lenses of the two -group 
objective lens, the amplitude of a reproducing RF signal 
from the recording medium is maximized in a state in 
which the distance between the lenses of the two -group 
objective lens is optimized. 

At this time, an error in focus control (defocus) 
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occurs together with spherical aberration caused by a 
change in the distance between the lenses of the two- 
group objective lens, and since a change in amplitude of 
a reproducing signal due to defocus is larger than a 
change in amplitude of the signal due to spherical 
aberration, the reproducing signal is largely affected by 
the change in amplitude of the signal due to defocus 
unless focus control is performed to cancel the defocus, 
with a result that it is difficult to obtain the change 
in amplitude of the signal due to spherical aberration 
separately from the change in amplitude of the signal due 
to defocus. In other words, to cyclically change the 
distance between the lenses of the two-group objective 
lens, it is required to ensure a sufficient gain of focus 
servo, and to change the distance at a low frequency 
satisfying the following equation (8) in order to remove 
the above defocus, thereby separating the frequency band 
of a signal used for detection of the change in amplitude 
due to spherical aberration from the frequency band of a 
signal used for detection of the change in amplitude due 
to defocus. 

f 1 < f 2 ... (8) 

In the case of realizing a high density optical 
disk drive, it is desirable to simultaneously perform 



both the above - described optimization of the offset in 
focus control and optimization of the distance between 
lenses of a two-group objective lens. For example, the 
electromagnetic actuators 13 and 15 are cyclically moved 
under a condition that fl and f2 are set at 24 Hz and 480 
Hz on the basis of the equation (8) , respectively. In 
this case, the amplitude of each of reproducing signals 
from the pit portions is composed of amplitudes of a 
signal component of 24 Hz and a signal component of 4 80 
Hz. In this embodiment, however, a signal component 
having passed through a low band filter (not shown) in 
the RF signal detection circuit (A) 33 is used for 
detection of a change in amplitude due to a change in the 
distance between the lenses of the two -group objective 
lens; and a signal component having passed through a high 
band filter (not shown) in the RF signal detection 
circuit (B) 34 is used for detection of a change in 
amplitude due to the offset in focus control. In addition, 
it is effective to perform the above - described 
optimization of the distance between the lenses of the 
two -group objective lens only upon reproducing a signal 
and to fix the lenses of the two-group objective lens at 
optimum positions, that is, stop the cyclic change in the 
distance between the lenses upon recording information. 



Fig. 7 is a flow chart showing a procedure of 
optimization of focus control in this embodiment. 

Referring to Fig. 1, at Step SI, a focus control 
offset and a distance between the lenses of the two-group 
objective lens are pre-set, and the above - described sine 
wave drive signals are applied to the first and second 
electromagnetic actuator 13 and 15 to cyclically, 
slightly move the first and second objective lenses 12 
and 14 in the direction of the optical axis. At Step S2, 
a change in each of amplitudes Al and A2 of a reproducing 
RF signal having passed through the low band filter is 
detected, and at Step S3, a change in each of amplitudes 
Bl and B2 of a reproducing RF signal having passed 
through the high band filter is detected. As shown in Fig 
6, the amplitudes Al and Bl are detected at the point tl 
where the first and second objective lens become closest 
to the optical disk, and the amplitudes A2 and B2 are 
detected at the point t2 where the first and second 
objective lens become remotest from the optical disk. In 
other words, the amplitudes Al and Bl and the amplitudes 
A2 and B2 are detected at the points tl and t2 which are 
both the ends of the moving range of the first and second 
objective lenses to and from the optical disk, 
respectively . 



At Step S2-1, as shown in Fig. 5, it is decided 
that A1>A2 or A1<A2 . If A1>A2, the process goes on to 
Step S2-2, and if A1<Ca2, the process goes on to Step S2-3. 
At Step S2-2, control is made to widen the distance 
between the lenses of the two -group objective lens. This 
is because in this embodiment, the relationship of A1>A2 
means that the distance between the lenses of the two- 
group objective lens is smaller than the optimum value. 

At Step S2-4, the operational mode of the optical 
disk drive is decided. If the drive receives a recording 
command, the process goes on to Step S4, and if the drive 
receives a command indicating the normal reproducing mode, 
the process is returned to Step S2-1. 

At Step S2-3, control is made to narrow the 
distance between the lenses of the two -group objective 
lens. This is because in this embodiment, the 
relationship of A1<^A2 means that the distance between the 
lenses of the two -group objective lens is larger than the 
optimum value. If Al = A2 at Step S2-1, the process 
directly goes on to Step S2-4. 

Similarly, at Step S2-4, the operational mode of 
the optical disk drive is decided. If the drive receives 
a recording command, the process goes on to Step S4, and 
if the drive receives a command indicating the normal 



reproducing mode, the process is returned to Step S2-1. 

At Step S4, the distance between the lenses of the 
two-group objective lens is fixed, and the application of 
the sine wave drive signal to the first electromagnetic 
actuator 13 is stopped, to stop the movement of the first 
objective lens 12, thus starting recording. 

At Step S3-1, similarly, it is decided that B1>E2 
C3 or B1<Cb2. If B1>'B2, the process goes on to Step S3 -2, 

Si 

1=^' and if B1<B2, the process goes on to Step S3 -3. At Step 

W 

^3 S3- 2, control is made to increase a focus bias value. 

^ This is because in this embodiment, the relationship of 

Bl!>B2 means that the signal plane is remoter from the 
drive than the focus position. 

At Step S3 -4, the operational mode of the optical 

"'^ disk drive is decided. If the drive receives a recording 

command, the process goes on to Step S4, and if the drive 
receives a command indicating the normal reproducing mode, 
the process is returned to Step S3-1. 

At Step S3 -3, control is made to decrease the focus 
bias value. This is because in this embodiment, the 
relationship of B1<Cb2 means that the signal plane is 
closer to the drive than the focus position. If Bl = B2 
at Step S3-1, the process directly goes on to Step S3 -4. 
Similarly, at Step S3 -4, the operational mode of 
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the optical disk drive is decided. If the drive receives 
a recording command, the process goes on to Step S4, and 
if the drive receives a command indicating the normal 
reproducing mode, the process is returned to Step S3-1. 

At Step S4 , the focus bias value is fixed, and the 
application of the sine wave drive signal to the second 
electromagnetic actuator 15 is stopped, to stop the 
movement of the second objective lens 14, thus starting 
recording. 

In this embodiment, the present invention is 
applied to the optical system using the two- group 
I objective lens with the high numerical aperture in which 
I the distance between the lenses of the two -group 
objective lens is variable; however, the present 
invention can be similarly applied to an optical system 
using a two-group objective lens with a high numerical 
aperture in which the distance between lenses of the two- 
group objective lens is fixed, or an optical system using 
a single objective lens with a high numerical aperture. 

Fig. 8 shows a configuration of an optical pickup 
using a two-group objective lens in which the distance 
between lenses of the two-group objective lens is fixed 
according to an embodiment of the present invention. 

The optical pickup adopts an optical system shown 
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in Fig. 8 in which relay lenses 28 and 29 f or correcting 
spherical aberration are inserted between the quarter- 
wave plate 23 and the second lens 14 shown in Fig. 2. 
Upon focusing operation, like the above - described manner, 
after start-up of focus control, the first and second 
lenses 12 and 14 are integrally moved by the first 
electromagnetic actuator and the relay lens 29 or 28 for 

Q correcting spherical aberration is moved by the second 

%Q 

id electromagnetic actuator such that the amplitude of a 

W 

C=r- reproducing RF signal is maximized, to thereby optimize 
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^^B the distance between the relay lenses and simultaneously 

adjust an offset between a focal point of a light beam 
and a signal recording plane of a recording medium. The 
first and second objective lenses may be integrated into 
a one objective lens. 

In this embodiment, the amplitude of a signal from 
embossed pit portions previously, discretely formed on a 
recording medium is used for optimization of the distance 
between the lenses of the two-group objective lens and 
the offset in focus control; however, the information, 
not amplitude of a signal but such as a jitter value of a 
reproducing signal, can be used as an error signal. 

Upon start-up of the optical disk drive, the 
positional adjustment of the lenses of the two-group 
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objective lens may be performed by making use of a 
continuous signal portion such as a lead-in portion 
provided at the innermost peripheral portion of an 
optical disk. In this case, the moving frequencies of the 
lenses can be suitably set in a range satisfying the 
relationship of fl^f2. 

In the case of an already recorded optical medium, 
an error signal can be obtained by reproducing a recorded 
signal. To be more specific, upon insertion of the 
optical disk, the optimization may be carried out at a 
high speed by reproducing a continuous pit signal at the 
innermost peripheral portion with the frequencies fl and 
f2 increased up to, for example, 100 Hz and 2 kHz, 
respectively. At this time, by setting the amplitude of 
the cyclic movement of the lens at a large value, it is 
possible to obtain an error signal with a high S/N ratio. 
After that, by making the movement amount quite small for 
each reproducing track using the method described in this 
embodiment, the distance between lenses of the two-group 
objective lens and the offset in focus control are always, 
automatically allowed to follow a change with an elapsed 
time, a change in environmental temperature, and the like. 

In this embodiment, although description has been 
made by example of the optical disk and optical disk 



drive of the CAV format, the present invention can be 
applied to an optical disk and an optical disk drive of 
another format, such as a CLV (Constant Linear Velocity) 
or ZCLV (Zone CLV) format. In addition, upon extraction 
of information of a change in amplitude from a 
reproducing signal, in order to obtain accurate 
information, as described in this embodiment, it is 
desirable to detect an error signal in the state in which 
not only focus servo but also tracking servo is activated. 

As described above, to realize a large capacity 
recordable optical disk drive using a two-group objective 
lens with a high numerical aperture, it is required to 
optimize the distance between lenses of the two-group 
objective lens for minimizing occurrence of spherical 
aberration due to the distance between the lenses of the 
two -group objective lens, and also it becomes important 
to optimize the offset in focus control for making the 
most of a focal depth which is essentially smaller than 
that of a related art optical disk drive. 

According to the apparatus and method in this 
embodiment, it is possible to simultaneously optimize the 
distance between lenses of a two-group objective lens and 
the offset in focus control. Also in a recordable optical 
disk such as a DVD-R7U4 and an optical disk drive, the 



position of each lens can be previously optimized in an 
unrecorded state. 

The optical information recording/reproducing 
apparatus in this embodiment includes an optical pickup 
for making a light beam emitted from a light source 
incident on an optical disk 11 via a two-group objective 
lens so as to record or reproduce optical information on 
or from the optical disk 11, wherein the two -group 
objective lens includes a first lens 12 disposed in the 
vicinity of the optical disk and a second lens 14 
disposed at a position facing to the optical disk 11 with 
the first lens 12 put therebetween. The apparatus further 
includes a first electromagnetic actuator 13 and a second 
electromagnetic actuator 15 as a moving means for 
cyclically moving at least one of the first lens 12 and 
the second lens 14 constituting part of the optical 
pickup in the direction of the optical axis thereof; and 
a position control circuit 42 as a control means for 
performing, upon focusing operation, the positional 
adjustment of the first lens 12 and the second lens 14 
after start-up of focus control, on the basis of 
reproducing signals obtained from optical disk 11 at both 
ends of the cyclic movement of the at least one of the 
first lens 12 and the second lens 14 by the first and 



second electromagnetic actuators 13 and 15 as the moving 
means. Accordingly, it is possible to simultaneously 
optimize the distance between the first lens 12 and the 
second lens 14 constituting the two-group objective lens 
and an offset in focus control, and hence to record or 
reproduce optical information data in the best focus 
control state. 

In the optical information recording/reproducing 
apparatus in this embodiment, since a cycle of the cyclic 
movement of the at least one of the first lens 12 and the 
second lens 14 by the moving means configured as the 
first and second electromagnetic actuators 13 and 15 is 
synchronized with an appearance cycle of pit signal 
portions 51 which are previously, discretely formed on 
the optical disk 11, it is possible to optimize the 
distance between the lenses of the two -group objective 
lens and an offset in focus control using the appearance 
cycle of the embossed pit portions previously, discretely 
formed on the optical disk 11 as the recording medium. 

In the optical information recording/reproducing 
apparatus in this embodiment, the positional adjustment 
of the first lens 12 and the second lens 14 is based on 
an amplitude of a reproducing signal detected by the 
optical pickup. When the distance between the lenses of 



the two-group objective lens and the offset in focus 
control are optimized, the displacement of the focal 
point centered on a signal recording plane becomes zero, 
so that the amplitude of the signal is maximized. Further, 
the amplitude of the signal is minimized at a point where 
the objective lens becomes closest to the recording 
medium and at a point where the objective lens becomes 
remotest from the recording medium and accordingly, it is 
decided that the distance between the lenses of the two- 
group objective lens and the offset in focus control are 
deviated from the optimum values if the amplitudes at 
both the ends of the cyclic movement of the objective 
lens. As a result, it is possible to optimize the 
distance between the lenses of the two-group objective 
lens and the offset in focus control by adjusting them 
such that the amplitudes at the both ends of the above 
cyclic movement are equal to each other. 

In the optical information recording/reproducing 
apparatus in this embodiment, of the amplitude of a 
reproducing signal detected by the optical pickup, an 
amplitude component having passed through a low band 
filer is used for detection of a variation in amplitude 
accompanied by a change in the distance between the first 
lens 12 and the second lens 14 . Accordingly, even if 



defocus generated simultaneously with generation of 
spherical aberration due to a change in the distance 
between the lenses is larger than a variation in 
amplitude due to the spherical aberration and such 
defocus cannot be canceled by focus control, it is 
possible to prevent the reproducing signal from being 
largely affected by a variation in amplitude due to 
defocus by cyclically changing the distance between the 
lensets of the two -group objective lens at a low frequency 
for separating a band of variation in amplitude due to 
spherical aberration from a band of variation in 
amplitude due to defocus, and hence to simultaneously 
optimize the focus offset and the distance between the 
lenses of the two -group objective lens. 

In the optical information recording/reproducing 
apparatus in this embodiment, of the amplitude of a 
reproducing signal detected by the optical pickup, an 
amplitude component having passed through a high band 
filer is used for detection of a variation in amplitude 
resulting from an offset in focus control. Accordingly, 
in the case of recording or reproducing optical 
information on or from a high density optical recording 
medium, it is possible to simultaneously optimize the 
focus offset and the distance between the lenses of the 



two-group objective lens by separating a band of 
variation in amplitude due to spherical aberration from a 
band of variation in amplitude due to def ocus . 

The optical information recording/reproducing 
method in this embodiment uses an optical pickup for 
making a light beam emitted from a light source incident 
on an optical disk 11 via a two-group objective lens so 
as to record or reproduce optical information on or from 
the optical disk 11, wherein the two-group objective lens 
includes a first lens 12 disposed in the vicinity of the 
optical disk 11 and a second lens 14 disposed at a 
position facing to the optical disk 11 with the first 
lens 12 put therebetween. The method includes the steps 
of cyclically moving at least one of the first lens 12 
and the second lens 14 constituting part of the optical 
pickup in the direction of the optical axis thereof; and 
performing, upon focusing operation, the positional 
adjustment of the first lens 12 and the second lens 14 
after start-up of focus control, on the basis of 
reproducing signals obtained from optical disk 11 at both 
ends of the cyclic movement of the at least one of the 
first lens 12 and the second lens 14. Accordingly, it is 
possible to simultaneously optimize the distance between 
the first lens 12 and the second lens 14 constituting the 



two-group objective lens and an offset in focus control, 
and hence to record or reproduce optical information data 
at a high speed in the best focus control state. 

In the optical information recording/reproducing 
method in this embodiment, since a cycle of the cyclic 
movement of the at least one of the first lens 12 and the 
second lens 14 is synchronized with an appearance cycle 
of pit signal portions 51 which are previously, 
discretely formed on the optical disk 11, it is possible 
to simply optimize the distance between the lenses of the 
two -group objective lens and an offset in focus control 
at a high speed using the appearance cycle of the 
embossed pit portions previously, discretely formed on 
the optical disk 11 as the recording medium. 

In the optical information recording/reproducing 
method in this embodiment, the positional adjustment of 
the first lens 12 and the second lens 14 is based on an 
amplitude of a reproducing signal detected by the optical 
pickup. When the distance between the lenses of the two- 
group objective lens and the offset in focus control are 
optimized, the displacement of the focal point centered 
on a signal recording plane becomes zero, so that the 
amplitude of the signal is maximized. Further, the 
amplitude of the signal is minimized at a point where the 
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objective lens becomes closest to the recording medium 
and at a point where the objective lens becomes remotest 
from the recording medium and accordingly, it is detected 
that the distance between the lenses of the two -group 
objective lens and the offset in focus control are 
deviated from the optimum values if the amplitudes at the 
both ends of the cyclic movement of the objective lens. 
As a result, it is possible to simply optimize the 
distance between the lenses of the two -group objective 
lens and the offset in focus control at a high speed by 
adjusting them such that the amplitudes at the both ends 
of the above cyclic movement are equal to each other. 

In the optical information recording/reproducing 
method in this embodiment, of the amplitude of a 
reproducing signal detected by the optical pickup, an 
amplitude component having passed through a low band 
filer is used for detection of a variation in amplitude 
accompanied by a change in the distance between the first 
lens 12 and the second lens 14 . Accordingly, even if 
defocus generated simultaneously with generation of 
spherical aberration due to a change in the distance 
between the lenses is larger than a variation in 
amplitude due to the spherical aberration and such 
defocus cannot be canceled by focus control, it is 
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possible to prevent the reproducing signal from being 
largely affected by a variation in amplitude due to 
defocus by cyclically changing the distance between the 
lenses of the two -group objective lens at a low frequency 
for separating a band of variation in amplitude due to 
spherical aberration from a band of variation in 
amplitude due to defocus, and hence to simultaneously 
optimize the focus offset and the distance between the 
J'Jt lenses of the two -group objective lens at a high speed. 

= : i 

IZ In the optical information recording/reproducing 

CO 

method in this embodiment, of the amplitude of a 
= reproducing signal detected by the optical pickup, an 

In amplitude component having passed through a high band 

M filer is used for detection of a variation in amplitude 

resulting from an offset in focus control. Accordingly, 
in the case of recording or reproducing optical 
information on or from a high density optical recording 
medium, it is possible to simultaneously optimize the 
focus offset and the distance between the lenses of the 
two- group objective lens at a high speed by separating a 
band of variation in amplitude due to spherical 
aberration due to a change in distance between the lenses 
of the two-group objective lens from a band of variation 
in amplitude due to defocus. 
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In this embodiment, the optical disk 1 is 
configured as a DVD-RAM; however, it may be configured as 
other optical disks such as a mini-disk (MD) , a 
rewritable type CD-ROM, and a magneto - optic disk (MO) . 

While the preferred embodiments of the present 
invention have been described using the specific terms, 
such description is for illustrative purposes only, and 
it is to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 



